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METHODS OF MAKING COIL
TRANSDUCERS

RELATED APPLICATIONS

This application claims priority and other benefits from.,
and 1s a continuation-in-part of: (a) U.S. patent application
Ser. No. 12/059,979 filed Mar. 31, 2008 entitled “Galvanic
Isolators and Coil Transducers” to Fouquet et al. (hereafter
“the *979 patent application™), now, pending, (b) U.S. patent
application Ser. No. 12/059,747 filed Mar. 31, 2008 entitled
“Coil Transducer with Reduced Arcing and Improved High
Voltage Breakdown Performance Characteristics” to Fouquet

ct al. (hereafter “the *7477 patent application™); now, U.S. Pat.
No. 7,852,186, (¢) U.S. patent application Ser. No. 11/512,

034 filed Aug. 28, 2006 entitled “Galvanic Isolator” to Fou-
quet et al. (hereafter “the 034 patent application’), and now
U.S. Pat. No. 7,791,900, (d) U.S. patent application Ser. No.
12/392,978 filed Feb. 25, 2009 to Fouquet et al. entitled
“Miniature Transtormers Adapted for Use 1n Galvanic Isola-
tors and the Like” now, U.S. Pat. No. 7,741,943 (hereafter
“the "978 patent application”). This application also hereby
incorporates by reference herein 1n their respective entireties
the foregoing 979 and 7477 patent applications.

FIELD OF THE INVENTION

Various embodiments of the invention described herein
relate to the field of data signal and power transformers or
galvanic 1solators and coil transducers, and more particularly
to devices employing inductively coupled coil transducers to
transmit and recerve data and/or power signals across a
dielectric or 1solation barrier.

BACKGROUND

High voltage 1solation communication devices known in
the prior art include optical devices, magnetic devices and
capacitive devices. Prior art optical devices typically achieve
high voltage 1solation by employing LEDs and corresponding,
photodiodes to transmit and recetve light signals, usually
require high power levels, and suller from operational and
design constraints when multiple communication channels
are required.

Prior art magnetic devices typically achieve high voltage
1solation by employing opposing inductively-coupled coils,
usually require high power levels (especially when high data
rates are required), typically require the use of at least three
separate integrated circuits or chips, and often are susceptible
to electromagnetic interference (“EMI™).

Prior art capacitive devices achieve voltage 1solation by
employing multiple pairs of transmitting and receiving elec-
trodes, where for example a first pair of electrodes 1s
employed to transmit and receive data, and a second pair of
clectrodes 1s employed to refresh or maintain the transmitted
signals. Such capacitive devices typically exhibit poor high
voltage hold-oil or breakdown characteristics

The design of small high speed galvanic 1solators or coil
transducers presents several formidable technical challenges,
such as how to handle EMI, large-magnitude fast transients,
and other forms of electrical noise while maintaining high
voltage breakdown characteristics, and acceptable data or
power transier rates.

In some electrical circuits, logic signals are transmitted
between two locations that must be kept electrically 1solated
from each other. For example, high voltages 1n medical test
equipment must be kept separated from patients, and factory
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2

operators must be kept sale when operating high-voltage
and/or high-current machinery. An isolator can be employed

to separate a control circuit from a high-voltage and/or high-
current circuit, where the control circuit 1s actuated by an
operator, thereby protecting the operator. In addition, the
control circuit itself must be 1solated adequately from the
high voltages and/or currents of the high-voltage and/or high-
current circuit. In some types of 1solators, however, signal
transmission can be disrupted in environments containing
considerable amounts of EMI. To provide reliable signal
transmission, an 1solator should be designed to reject or
reduce EMI. What 1s needed are means and methods to mini-

mize the susceptibility of small high speed galvanic 1solators
to EMLI.

SUMMARY

In one embodiment, there 1s provided a coil transducer
system comprising a coil transducer comprising a generally
planar substrate comprising opposing upper and lower sur-
faces and including therein a dielectric barrier, the dielectric
barrier comprising an electrically insulating, non-metallic,
non-semiconductor, low-dielectric-loss material, a first elec-
trically conductive coil disposed above the upper surface of
the substrate, the first coil extending between first and second
coil input terminals disposed at opposite ends thereot, a sec-
ond electrically conductive coil disposed below the lower
surface of the substrate, the second coil extending between
first and second output coil terminals disposed at opposite
ends thereol, and a transmitter circuit comprising first and
second transmitter output terminals; wherein a {irst wire 1s
clectrically connected to, and extends between, the first trans-
mitter output terminal and the first mput coil terminal, a
second wire 1s electrically connected to, and extends
between, the second transmitter output terminal and the sec-
ond 1nput coil terminal, the first and second wires are sub-
stantially parallel to one another or exhibit substantially simi-
lar angles respecting a major axis of the coil transducer, the
first and second wires have substantially a same first length,
the first and second wires thereby being configured to mini-
mize the pick-up of electromagnetic interference (“EMI™)
thereby.

In another embodiment, there 1s provided a method of
making a coil transducer system comprising forming a coil
transducer comprising a generally planar substrate compris-
ing opposing upper and lower surfaces and including therein
a dielectric barrier, the dielectric barrier comprising an elec-
trically msulating, non-metallic, non-semiconductor, low-di-
clectric-loss material, a first electrically conductive coil dis-
posed above the upper surface of the substrate, the first coil
extending between first and second coil input terminals dis-
posed at opposite ends thereot, a second electrically conduc-
tive coil disposed below the lower surface of the substrate, the
second coil extending between first and second output coil
terminals disposed at opposite ends thereot, and providing a
transmitter circuit comprising first and second transmitter
output terminals; electrically connecting a first wire between
the first transmitter output terminal and the first input coil
terminal; electrically connecting a second wire between the
second transmitter output terminal and the second mnput coil
terminal, and configuring the first and second wires to be
substantially parallel to one another, or to exhibit substan-
tially similar angles respecting an azimuth extending along a
major axis of the coil transducer, and have substantially a
same first length such that the first and second wires are
configured to minimize the pick-up of electromagnetic inter-

terence (“EMI”) thereby.
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Further embodiments are disclosed herein or will become
apparent to those skilled in the art after having read and
understood the specification and drawings hereof.

BRIEF DESCRIPTION OF THE DRAWINGS 5

Different aspects of the various embodiments of the inven-
tion will become apparent from the following specification,
drawings and claims 1n which:

FIG. 1 shows a top perspective view of a coil transducer 10
system of the prior art;

FIG. 2 shows a top perspective view of a coil transducer
system according to one embodiment;

FIG. 3 shows a top plan view of a coil transducer system
according to another embodiment; 15
FI1G. 4 shows a top plan view of a coil transducer system

according to yet another embodiment;

FIG. 5 shows a side view of a coil transducer system
according to still another embodiment;

FIG. 6 shows a top side perspective view of a coil trans- 20
ducer according to one embodiment;

FIG. 7 shows a top side perspective view of a coil trans-
ducer according to another embodiment;

FIG. 8 shows a top plan view of a coil transducer according,
to one embodiment, and 25

FI1G. 9 shows a top plan view of a coil transducer according
to another embodiment.

FI1G. 10 shows a cross-sectional view of coil transducer 20
of FIG. 9.

The drawings are not necessarily to scale. Like numbers 30
refer to like parts or steps throughout the drawings, unless
otherwise noted.

DETAILED DESCRIPTIONS OF SOME
PREFERRED EMBODIMENTS 35

In the following description, specific details are provided
to 1mpart a thorough understanding of the various embodi-
ments of the invention. Upon having read and understood the
specification, claims and drawings hereof, however, those 40
skilled 1n the art will understand that some embodiments of
the mvention may be practiced without hewing to some of the
specific details set forth herein. Moreover, to avoid obscuring
the invention, some well known circuits, materials and meth-
ods finding application in the various embodiments of the 45
invention are not disclosed 1n detail herein.

In the drawings, some, but not all, possible embodiments of
the mvention are illustrated, and further may not be shown to
scale.

The term “horizontal” as used herein 1s defined as a plane 50
substantially parallel to the conventional plane or surface of
the substrate of the invention, regardless of 1ts actual orienta-
tion 1n space. The term “vertical refers to a direction substan-
tially perpendicular to the horizontal as defined above. Terms
such as “on,” “above,” “below,” “bottom,” “top,” *“side,” 55
“stdewall,” “higher,” “lower,” “upper,” “over” and “under”
are defined 1n respect of the horizontal plane discussed above.

FIG. 1 shows a top perspective view of a coil transducer
system 20 of the prior art, which as shown comprises first
transmitting coil 50, second receiving coil 60, transmitter 60
circuit 90, receiver circuit 100, substrate 39, and wirebonds
92, 94, 96 and 98 clectrically connected to contacts or wire-
bond pads 54 and 55, and 38 and 39, respectively. Transmitter
circuit 90 1s typically configured to change an incoming sig-
nal waveform into a signal having a waveform suitable for 65
driving primary transmitting or first coil 50. Recerver circuit

100 1s typically configured to change the signal exiting the

2L

4

secondary receiver or second coil 60 back into a waveform
that looks like the incoming signal. Transmitter circuit 90 and
receiver circuit 100 are usually itegrated circuits (ICs), and
in conjunction with coil transducer 20 formed, for example,
of flex circuit and other materials. They may be packaged 1n
a format compatible with standard electronics assembly pro-
cesses, such as printed circuit board assembly techniques.
Such packaging may further comprise mounting the various
components of coil transducer 20 on lead frames (not shown
in FIG. 1), wirebonding the components together, and sur-
rounding them with a molding material to hold everything
together after sacrificial metal leads have been separated from
the lead frames and formed into standard integrated circuit
leads.

Continuing to refer to FIG. 1, 1t will be seen that coil
transducer 20 comprises two metallized layers containing
first and second coils 50 and 60, respectively, each of which
coils winds inwardly from outside contacts 54 and 58, respec-
tively, towards centrally disposed contacts 35 and 59, respec-
tively. As a result of the coil geometry shown 1n FIG. 1, wire
94 extending from transmuitter circuit 90 to centrally disposed
contact 35, and wire 98 extending from recerver circuit 100 to
centrally disposed contact 39, are rather long and looping,
and extend a considerable length and height above coils 50
and 60. Moreover, 1t will be noted that portions of wires 94
and 98 are disposed essentially at right angles to the plane of
coils 50 and 60. All these geometric factors concerning wires
94 and 98 connected electrically to centrally disposed con-
tacts 35 and 59 result 1n coil transducer 10 being vulnerable
susceptible to EMI. For example, 1t has been discovered
through computer modeling that wires 94 and 98 act an anten-
nae to pick up EMI due to their length and height over coil
transducer 20. It has also been discovered through computer
modeling that wires 94 and 98, because portions of such wires
are located at approximate right angles to the plane 1n which
coils 530 and 60 are disposed, and because EMI can be polar-
1zed 1n different spatial orientations, may pick up EMI signals
that typically cannot be cancelled out using common mode
rejection techniques employed 1n differential signal transmis-
s1on and reception. In addition, 1t has been discovered that the
differing lengths, heights above coil transducer 20, and geom-
etries of wire pair 92 and 94, and wire pair 96 and 98, as the
wires 1 each pair relate to one another, result 1n further
opportunity for EMI to be picked up that cannot be cancelled
out using common mode rejection techniques. Moreover,
wires 92, 94, 96 and 98 exhibit relatively large electric fields
and can not only pick up EMI, but also transmit signals in the
manner of an antenna. In addition, wires of different lengths
can be characterized by different frequency sensitivities. For
example, long wires may exhibit greater sensitivity to low
frequencies signals than short wires. The various embodi-
ments 1llustrated in FIGS. 2 through 9 below, and the accom-
panying descriptions set forth below, overcome these and
other problems.

FIG. 2 shows a top perspective view of coil transducer
system 10 according to one embodiment. As shown, coil
transducer system 10 comprises coil transducer 20 operably
attached to transmitter circuit 90, receiver circuit 100, input
lead frame 80, and output lead frame 82. In a preferred
embodiment, transmitter circuit 90 and recerver circuit 100
are integrated circuits (ICs). First transmitting coil 50, second
receiving coil 60, transmitter circuit 90, receiver circuit 100,
substrate 39, and contacts or wirebond pads 92, 94,96 and 98
are electrically connected to wirebonds 54 and 55, and 58 and
59, respectively. In one embodiment, transmitter circuit 90 1s
configured to change an mcoming signal waveform into a
signal having a wavetform suitable for driving primary trans-
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mitting or first coil 50, and receiver circuit 100 1s configured
to change the signal exiting the secondary receiver or second
coil 60 back into a wavetform that looks like the mncoming
signal. Transmitter circuit 90 and receiwver circuit 100 are
usually ICs, and in conjunction with coil transducer 20
formed, for example, of flex circuit and other materials, may
be packaged 1n a format compatible with standard electronics
assembly processes, such as printed circuit board assembly
techniques. Note that electrically msulating cover layers are
preferably disposed over coil 50 and beneath coil 60 to pre-
vent shorting to the lead frames, for example.

Continuing to refer to FIG. 2, coil transducer system 10
comprises coil transducer 20, which 1n turn comprises a gen-
crally planar substrate 39 comprising opposing upper and
lower surfaces, and which includes a dielectric barrier dis-
posed therewithin. The dielectric barrier comprises an elec-
trically msulating, non-metallic, non-semiconductor, low-di-
clectric-loss material. First electrically conductive coil 50 1s
disposed within or upon substrate 39, and the first coil extends
between first and second coil mput terminals 31 and 32 dis-
posed at opposite ends thereof. Second electrically conduc-
tive coil 60 1s disposed within or upon an opposing side or
portion of substrate 39, and the second coil extends between
first and second output coil terminals 33 and 34 disposed at
opposite ends thereof. Transmitter circuit 90, which in the
embodiment 1illustrated in FIG. 2 1s an integrated circuit
(“IC”"), comprises first and second transmitter output termi-
nals 84 and 85, respectively. Receiver circuit 100, which in
the embodiment i1llustrated 1n FIG. 2 1s also an IC, comprises
first and second receiver iput terminals 88 and 89, respec-
tively.

FI1G. 2 shows that a first wire 92 1s electrically connected to,
and extends between, the first transmitter output terminal 84
and the first mput coil terminal 54. A second wire 94 1is
clectrically connected to, and extends between, the second
transmitter output terminal 85 and the second nput coil ter-
minal 55. A third wire 96 1s electrically connected to, and
extends between, the first recerver mput terminal 88 and the
first output coil terminal 58. A fourth wire 98 1s electrically
connected to, and extends between, the second receiver input
terminal 89 and the second output coil terminal 59.

As further shown 1n FIG. 2, the first and second wires 92
and 94 are substantially parallel to one another, exhibit sub-
stantially similar angles respecting a major axis 121 of coil
transducer 20, have substantially a same first length 95, and
rise substantially a same height 107 above an upper surface of
substrate 39. Also as shown 1n FIG. 2, the third and fourth
wires 96 and 98 may be substantially parallel to one another,
exhibit substantially similar angles respecting a major axis
121 of coil transducer 20, have substantially a same second
length 97, and/or rise substantially a same height 109 above
an upper surface of substrate 39.

In preferred embodiments, a vertical distance over which
the first, second, third or fourth wires extends above transmit-
ter 90 or recerver 100 and coil transducer 20 does not exceed
about 10 muls, or does not exceed about 5 mils. Also 1n
preferred embodiments, horizontal lengths 95 and 97 of wires
92, 95, 96 and 98 range between about 5 mils and about 30
mils, or do not exceed about 20 mils. In further preferred
embodiments, horizontal separation 93 between wires 92 and
94, or horizontal separation 99 between wires 96 and 98, does
not exceed about 15 mils. Moreover, 1n preferred embodi-
ments wires 92 and 94 are separated by a distance 93 that
remains relatively constant, or that remains relatively small,
between transmitter IC 90 and contacts 54 and 55, while wires
96 and 98 are separated by a distance 99 that remains rela-
tively constant between recerver IC 100 and contacts 58 and
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59. The relative orientations, lengths, and heights of wires 92,
94, 96 and 98 are configured to minimize the pick-up of
clectromagnetic imterference (“EMI”) thereby. Note also that
in preferred embodiments the respective ends of wires 92, 94,
96 and 98 are wirebonded to contacts 54, 55, 58 and 59,
respectively, and that transmitter 90 and recerver 100 are
integrated circuits.

Contributing to the reduction 1n the pick-up of EMI by coil
transducer system 10 1s the fact that the embodiment of coil
transducer 10 shown 1n FIG. 2 comprises four separate met-
allized layers, with first and second metallized layers forming
first transmitting coil 50, and third and fourth metallized
layers forming second receiving coil 60. As illustrated, the
first, second, third and fourth metallized layers are each dis-
posed vertically at different discrete levels. By using two
metallized layers for each coil, wires 92 and 94, and 96 and
98, can be made appreciably shorter than those of single layer
coil transducer system 10 illustrated in FIG. 1, which as
described above results in long and looping wires 92, 94, 96
and 98 which have been discovered to act as antennae and
exacerbate the effects of undesired EMI.

FIG. 3 shows a top plan view of a coil transducer system 10
according to another embodiment, where wires 92 and 94
exhibit substantially similar angles o, and o, respecting
major parallel axes 123 and 124 of coil transducer 20. In a
preferred embodiment, the difference between angles ., and
., 1S less than or equal to about 15 degrees. Similarly, wires
96 and 98 exhibit substantially similar angles 3, and f3,
respecting major parallel axes 123 and 124 of coil transducer
20. In a preferred embodiment, the difference between angles
3, and {3, 1s less than or equal to about 15 degrees. The
configurations of wires 92, 94, 96 and 98 shown in FIG. 3
minimize the pick-up of undesired EMI by coil transducer 20.

FIG. 4 shows a top plan view of a coil transducer system 10
according to yet another embodiment, where wires 92a and
92b are substantially parallel to one another, wires 94a and
94b are substantially parallel to one another, and pairs 92a/
926 and 94a/94b are also substantially parallel to one another.
Further as shown 1n FIG. 4, wires 96a and 965 are substan-
tially parallel to one another, wires 98a and 985 are substan-
tially parallel to one another, and pairs 96a/965 and 98a/985
are also substantially parallel to one another. The configura-
tions of wire pairs 92a/92b, 94a/94b, 96a/96b, and 98a/98b
shown 1n FIG. 4 reduce the parasitic inductance and resis-
tance of the connections between transmitter 90 and receiver
100 to coil transducer system 10 by about a factor of two. This
improves the power transfer to and from coil transducer 20. It
1s desirable for the wire bonds 92a/925, 94a/945b, 96a/965,
and 98a/985b to be parallel and have the same angles as noted
carlier so that impinging EMI picked up by wire bonds 924/
92b6,94a/94b,964a/96b, and 98a/98b6 only induces small com-
mon mode signals mto bond wires 92a/92b, 94a/94b, 96a/
965, and 984a/98b rather than differential signals.

FIG. 5 shows a side view of coil transducer system 10
according to still another embodiment. As shown in FIG. 5,
wires 94 and 96 have lengths 935 and 97, and rise heights 107
and 109 above an upper surface of substrate 39 of coil trans-
ducer 20. To reduce the pick-up of EMI, it 1s desirable to make
lengths 95 and 97 as short as possible, and to make heights
107 and 109 as small as possible. As further illustrated in FIG.
5, adhesive 91 attaches transmitter 90 to first lead frame 80,
while adhesive 102 attaches recetver 100 to second lead frame
82. Coil transducer 20 1s secured to first lead frame by adhe-
stve 92 and to second lead frame 82 by adhesive 101. In a
preferred embodiment, adhesives 91, 92, 101 and 102 com-
prise epoxy. Note the squish-out zones associated with adhe-
sives 91, 92, 101 and 102.
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FIG. 6 shows a top side perspective view of coil transducer
20 according to one embodiment, while FIG. 7 shows a top
side perspective view of coil 20 transducer according to
another embodiment. Note the embodiment of coil transducer
20 shown 1n FIG. 6 features trace widths 63 of coils 50 and 60
that are substantially wider than those of trace widths 63 of
coils 530 and 60 1n FIG. 7. It has been discovered that making
the trace widths 63 of coils 50 and 60 thinner reduces the
capacitance between coils 50 and 60, and thereby reduces
EMI pick-up. It has further been discovered that trace widths
not exceeding about 5 mils, or not exceeding about 3 mils, are
preferred to minimize the capacitance between coils 50 and
60. Transient common mode events may have significant
potential differences between the ground potentials for trans-
mitter 90 and recerver 100. Sudden changes 1n potential may
require common mode currents to flow to charge the capaci-
tance between coils 50 and 60 of coil transducer 20. It 1s
desirable to reduce the capacitance values between coils 50
and 60 to minimize the current needed to charge the common
mode capacitances for common mode events.

FI1G. 8 shows a top plan view of coil transducer 20 accord-
ing to one embodiment, and FIG. 9 shows a top plan view of
coil transducer 20 according to another embodiment. It will
be noted that coils 50 and 60, and the electrical traces and
contacts associated therewith, in coil transducer 20 of FIG. 8
are not as well vertically aligned from metal layer to metal
layer as those of FI1G. 9. It has been discovered that offsetting
the vertical alignment of coils 50 and 60, and the electrical
traces and contacts associated therewith, i respect of one
another can reduce the capacitance between first and second
coils 50 and 60 and other electrically conductive portions of
coil transducer 20, and thereby can reduce the pick-up of
undesired EMI. The respective vertical alignments of the
metal layers forming coils 50 and 60, and of the electrical
traces and contacts associated therewith, 1in coil transducers
20 of FIGS. 8 and 9 may be compared by referring to align-
ment reference lines 110, 111, 112, 113, 114 and 115 drawn
between coil transducers 20 of FIGS. 8 and 9.

FIG. 10 shows a cross-sectional view of coil transducer 20
of FIG. 9 taken through line A'-A' thereof. As shown 1n FIG.
10, substrate 39 comprises a generally planar electrically
insulating and dielectric barrier core structure having oppos-
ing upper and lower surfaces, and forms a dielectric barrier
between coil 50 and coil 60. As further shown 1n FIG. 10, 1n
one embodiment substrate 39 1s disposed between upper layer
42 and lower layer 44, and has upper and lower surfaces
thereol 1n contact with layers 42 and 44, respectively. Cover
layers 46 and 48 are preferably disposed above upper layer 42
and coil 50, and below lower layer 44 and coil 60, respec-
tively. Upper layer 42 has metal layers 41 and 43 patterned on
the top and bottom surfaces thereof to form first coil 50. Metal
layer 43 1s electrically connected to metal layer 51 vialead 32.
Likewise, lower layer 44 has metal layers 45 and 47 litho-
graphically patterned on the top and bottom surfaces thereof
to form second coil 60. Metal layer 45 1s electrically con-
nected to lead 34. Metal layers 41, 43, 45 and 47 may be
formed of gold, nickel, silver, copper, tungsten, tin, alumi-
num, and other suitable metals, or metal alloys or combina-
tions thereof.

Other methods and means may also be employed to reduce
the pick-up of EMI by coil transducer 20 or coil transducer
system 10. For example, a spacer layer may be located above
the upper surface of coil transducer 20 or below the lower
surface of coil transducer 20, where the spacer layer com-
prises a low-dielectric-loss material and 1s configured to mini-
mize the pick-up of EMI by at least some electrically conduc-
tive portions of coil transducer 20. In one embodiment, such
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a spacer layer has a thickness ranging between about 25 mils
and about 50 mils. In another example, coil transducer 20 or
coil transducer system 10 comprises a metal shield disposed
above the spacer layer when the spacer layer 1s located above
the upper surface of coil transducer 20, or below the spacer
layer when the spacer layer 1s located below the lower surface
of coil transducer 20. The metal shield further reduces the
pick-up of EMI. In yet another example, substantially the
same low-dielectric-loss materials having substantially the
same thicknesses are disposed above or near the upper surface
of coil transducer 20 and below or near the lower surface of
coil transducer 20 thereby to present substantially similar
environments to EMI impinging from above and below coil
transducer 20 or coil transducer system 10.

Note that 1n a preferred embodiment of coil transducer
system 10 transmitter circuit 90 1s configured to provide
differential output signals across mnput terminals 54 and 55 of
first coil 50, and receiver circuit 100 1s configured to recerve
differential output signals across output terminals 58 and 59
of second coi1l 60. In further preferred embodiments, first and
second coils 50 and 60 are spatially arranged and configured
respecting one another such that at least one of power and data
signals may be transmitted by first co1l 50 to second coil 60
across or through substrate 39.

In addition, substrate 39 may comprise any one or more of
KAPTON™_ fiberglass, glass, ceramic, polyimide, polyim-
ide film, a polymer, an organic material, a flex circuit mate-
rial, epoxy, epoxy resin, a printed circuit board matenal,
PTFE and glass, PI'FE and ceramic, glass and ceramic, ther-
moset plastic, and plastic.

Coil transducer system 10 preferably exhibits a breakdown
voltage between first coil 50 and 60 second coil 60 that
exceeds about 2,000 volts RMS when applied over a time
period ol about one minute, exceeds about 2,000 volts RMS
when applied over a time period of about six minutes, or
exceeds about 2,000 volts RMS when applied over a time
period of 24 hours. Even more preferably, coil transducer
system 10 exhibits a breakdown voltage between first coil 50
and second coil 60 that exceeds about 5,000 volts RMS when
applied over a time period of about one minute, exceeds about
5,000 volts RMS when applied over a time period of about six
minutes, or exceeds about 5,000 volts RMS when applied
over a time period of 24 hours.

Note that included within the scope of the present invention
are methods of making and having made the various compo-
nents, devices and systems described herein.

The above-described embodiments should be considered
as examples of the present invention, rather than as limiting
the scope of the invention. In addition to the foregoing
embodiments of the invention, review of the detailed descrip-
tion and accompanying drawings will show that there are
other embodiments of the invention. Accordingly, many com-
binations, permutations, variations and modifications of the
foregoing embodiments of the invention not set forth explic-
itly herein will nevertheless fall within the scope of the mven-
tion.

We claim:

1. A method of making a coil transducer system, compris-
ng:

forming a coil transducer comprising a generally planar

substrate comprising opposing upper and lower surfaces

and 1ncluding therein a dielectric barner, the dielectric
barrier comprising an electrically insulating, non-metal-
lic, non-semiconductor, low-dielectric-loss material, a
first electrically conductive coil disposed above the
upper surface of the substrate, the first coil extending
between first and second coil input terminals disposed at
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opposite ends thereot; a second electrically conductive
coil disposed below the lower surface of the substrate;
the second coil extending between {first and second out-
put coil terminals disposed at opposite ends thereof; and

providing a transmitter circuit comprising first and second
transmitter output terminals;
clectrically connecting a first wire between the {irst trans-
mitter output terminal and the first input coil terminal;

clectrically connecting a second wire between the second
transmitter output terminal and the second input coil
terminal; and

configuring the first and second wires to be substantially

parallel to one another, or to exhibit substantially similar
angles respecting an azimuth extending along a major
axis of the coil transducer, and have substantially a same
first length such that the first and second wires are con-
figured to minimize the pick-up of electromagnetic
interference (“EMI”) thereby.

2. The method of claim 1, wherein the first and second
wires are electrically connected to the coil transducer and the
transmitter circuit such that an angle between the first and
second wires does not exceed about fifteen degrees.

3. The method of claim 1, wherein the first and second
wires are electrically connected to the coil transducer and the
transmitter circuit such that the substantially similar angles
thereol each range between about 0 degrees and about 10
degrees with respect to the major axis.

4. The method of claim 1, wherein the first wire and the
second wire are electrically extended a vertical distance over
the transmitter circuit and the coil transducer that 1s substan-
tially the same and does not exceed about 5 mils.

5. The method of claim 1, wherein the first length 1s
selected to range between about 5 mils and about 30 mils.

6. The method of claim 1, wherein a horizontal separation

1s provided between the first wire and the second wire that
does not exceed about 15 muls.

7. The method of claim 1, further comprising providing a
receiver circuit comprising first and second mnput receiver
terminals.
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8. The method of claim 7, further comprising electrically
connecting a third wire between the first receiver iput ter-
minal and the first output coil terminal, and electrically con-
necting a fourth wire between the second recerver mput ter-
minal and the second output coil, the third and fourth wires
being substantially parallel to one another.

9. The method of claim 8, wherein the third and fourth
wires are configured to have substantially a same third length
such that the pick-up of electromagnetic interference
(“EMI”) thereby 1s minimized.

10. The method of claim 8, wherein the third and fourth
wires are electrically connected to the coil transducer and the
transmitter circuit such that an angle between the third and
fourth wires does not exceed about fifteen degrees.

11. The method of claim 8, wherein the third wire and the
tourth wire are extended a vertical distance over the receiver
circuit and the coil transducer that does not exceed about 5
mils.

12. The method of claim 8, wherein the third wire has a
length selected to range between about 5 mils and about 30
mils.

13. The method of claim 8, wherein a horizontal separation
1s provided between the third wire and the fourth wire that
does not exceed about 15 mils.

14. The method of claim 8, wherein a pair of substantially
parallel wires 1s provided for each of the third wire and the
fourth wire.

15. The method of claim 8, wherein the receiver circuit 1s
configured to provide differential output signals across the
output terminals of the second coil.

16. The method of claim 1, wherein at least one of the first
coil and the second coil 1s formed to have a trace width not
exceeding about 5 mils thereby to mimimize the capacitance
between the first and second coils.

17. The method of claim 1, wherein a pair of substantially
parallel wires 1s provided for each of the first wire and the
second wire.

18. The method of claim 1, wherein the transmitter circuit
1s configured to provide differential output signals across the
input terminals of the first coil.
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